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INSULATOR FILMS 0N DIAMONDS 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

The U.S. Government has non-exclusive rights in this 
invention pursuant to contract number Fl9628-85-C 
0002 awarded by the Department of the Air Force. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. Ser. 
No. 07/293,880, ?led Jan. 3, 1989, now abandoned the 
contents of which are incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to the fabrication of silicon 
dioxide and other insulating ?lms on diamond. 

BACKGROUND OF THE INVENTION 

Diamond is a material with semiconductor properties 
that are superior to Silicon (Si), Germanium (Ge) or 
Gallium Arsenide (GaAs), which are now commonly 
used in semiconductor devices. In particular, diamond 
provides a higher band gap, a higher breakdown volt 
age and a greater saturation velocity which produces a 
substantial increase in its projected cutoff frequency and 
maximum operating voltage compared to devices fabri 
cated from Si, Ge, or GaAs. Furthermore, diamond has 
the highest thermal conductivity of any solid at room 
temperature and excellent conductivity over a tempera 
ture range up to and beyond 500° k. Diamond therefore 
holds the potential for ef?cient semiconductor opera 
tion at high frequency and power. Finally, diamond, by 
virtue of its small molecular size compared to other 
materials, provides a smaller neutron cross section 
which reduces its degradation rate in radioactive envi 
ronments. 

To date, these advantages of diamond as a semicon 
ductor have not been exploited, in part because of the 
difficulty in forming electrical contacts on diamond 
surfaces which allow access to and control of diamond 
semiconductor devices. It is desirable to form both 
ohmic contacts (i.e., those whose resistance to current 
flow is symmetrical with respect to direction of ?ow) 
and diode-type Schottky contacts (i.e., those whose 
resistance to current ?ow is asymmetrical). It is also 
desirable to form insulating ?lms on diamond which 
might be used, for example, in metal-oxide-semiconduc 
tor (MOS) devices. 
One method for forming ohmic contacts on diamond 

may be found in U.S. Pat. No. 5,002,899 by Geis et al., 
entitled: “Electrical Contacts on Diamond.” Known 
methods for forming Schottky contacts on diamond 
involve direct application of metals to p-doped diamond 
substrates as discussed in “Electronic and Optical Pro 
cesses in Diamond”, Nauka Publishing House, Moscow 
Office of Physio-Mathematical Literature, Moscow, 
1985 by Vavilov et a1. Presently, the inventors are not 
aware of a prior method for the information of high 
quality insulating ?lms on diamond substrates, or forma 
tion of Schottky contacts upon such ?lms. 
Notwithstanding the foregoing, the formation of in 

sulating silicon dioxide ?lms on silicon semiconductor 
substrates is well known. Silicon dioxide (SiOg) is a 
particularly desirable insulator because of its inherent 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

2 
high insulating properties, and its compatibility with 
silicon wafer processing. 

Several methods of forming these ?lms are available. 
For example, silicon dioxide may be deposited on a 
silicon substrate by either thermal or plasma chemical 
vapor deposition (CVD). Using this technique, decom 
position of a mixture such as of an oxygen-containing 
and silicon-containing gas or gasses by plasma or heat 
produces silicon and oxygen atoms which react to form 
silicon dioxide. The latter is then deposited onto a sub 
strate surface held in the reaction region. In another 
method, known as the “Spin on Glass” technique, an 
organic compound containing a silicon oxide moiety is 
applied to the substrate surface and is then heated. The 
organic component is cleaved from the silicon oxide 
moiety and then removed from the surface by evapora 
tion or sublimation while the silicon radical reacts with 
ambient oxygen to produce a ?lm of silicon dioxide. 
Finally, in the “thermal growth” method, which is only 
applicable to a silicon substrate, such a substrate is 
heated to temperatures in a range of 900° C.-l200° C. in 
an oxygen atmosphere to form a silicon dioxide ?lm 
directly on its exposed surface. 

Critical to the formation of a device quality insulating 
?lm for use in semiconductors are the particular proper 
ties of the interface between the insulator and the semi 
conductor. In non-critical applications, the interface is 
known to contain interface surface states which are 
thought to arise from interruptions in the lattice struc 
tures at the surface of the insulator and are capable of 
changing charge by acceptance or donation of charge 
carriers (holes or electrons) from the semiconductor. 
These states are affected by voltages applied through 
the insulator and thereby degrade control of the carriers 
in the semiconductors. The presence or absence of these 
interface states is known to be highly dependent both on 
the nature of the semiconductor as well as on the 
method used to obtain the insulating film. 

SUMMARY OF THE INVENTION 

According to the present invention, a method is pro 
vided for creating an insulating ?lm on a diamond sub 
strate, by providing a prepared p-type diamond sub 
strate and depositing an insulating ?lm (which may be 
SiOg, or in an n-type device, BaFz or CaFz, for example) 
onto the surface of the substrate. According to various 
aspects of the invention, the method further includes 
the step of depositing a conductive layer upon the insu 
lator. Preferably, the conducting layer is doped polysili 
con, or alternatively the conductive layer is a metal, 
preferably aluminum, chrome-gold or Tungsten. 
The deposition of the insulator ?lm may be per 

formed by plasma CVD or thermal CVD, and in a 
particularly preferred embodiment the thermal CVD is 
carried out at 620° C. using a gas mixture including 
SiH4, O2 and N2, with the total pressure being near 
atmospheric pressure. 
According to other aspects of the invention, the 

thickness of the insulator is controlled. In preferred 
embodiment the insulator is silicon dioxide and its thick 
ness is less than or equal to approximately 100 nanome 
ters. 

According to another embodiment of the invention, a 
semiconductor device is provided comprising the 
diamond substrate having a ?lm formed thereon of 
CVD deposited silicon dioxide. The device according 
to other embodiments further comprises a conducting 
layer on the silicon dioxide ?lm, preferably the con 
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ducting layer is doped polysilicon, or the conducting 
layer is a metal, preferably aluminum, chrome-gold or 
tungsten. 
According to another aspect of the invention, the 

insulating layer is less than or equal to approximately 10 
nanometers thick and the device forms a Schottky-type 
contact. 
According to another aspect, the invention features a 

method for forming a diamond semiconductor device 
having an insulating ?lm on a diamond semiconductor 
substrate, including the steps of providing a diamond 
semiconductor substrate, and depositing a non-diamond 
insulating ?lm onto the surface of the substrate. 

In various preferred embodiments, the deposition of 
the insulating ?lm is performed by plasma CVD. The 
deposition of the insulating ?lm is performed by thermal 
deposition. The method includes cleaning the surface of 
the substrate on which the insulating ?lm is to be depos 
ited. The method includes the step of depositing a con 
ductive layer upon the insulating ?lm. The conducting 
layer is selected from the group consisting of doped 
polysilicon and a metal. The metal is aluminum chrome 
gold or tungsten. The insulating ?lm is selected from 
the group consisting of SiOg, BaFz or CaFg. The ?lm 
thickness is between about 10 to 100 nanometers. The 
?lm thickness is about 10 nm or less. 

In another aspect, the invention features a method for 
forming diamond semiconductor device having an insu 
lating ?lm on a semiconductor diamond substrate, in 
cluding the steps of providing a p-type diamond sub 
strate, depositing a non-diamond insulating ?lm onto 
the surface of the substrate and, depositing a conductive 
layer upon the insulating ?lm. 

In various embodiments the diamond substrate has 
(100) surface and the insulating ?lm is deposited on the 
surface. The insulating ?lm is SiOg. The insulating ?lm 
is selected from the group consisting of BaFz or CaFZ. 
The method includes incorporating the device into a 
depletion mode ?eld effect transistor. The diamond 
substrate has (111) surface and the insulating ?lm is 
deposited on the H surface, the insulating ?lm is SK); 
and the method includes employing the device as a cold 
cathode. The deposition of the insulating ?lm is per 
formed by plasma CVD. The deposition is performed at 
a deposition temperature around 400°-625° C. The 
method includes depositing the ?lm of suf?cient thick 
ness to inhibit substantial tunneling of charge carriers 
through the ?lm. The ?lm is between about 10 to 100 
nm thick. The ?lm is deposited to a thickness of about 
10 nm or less to enable tunneling through the ?lm. The 
method includes cleaning the surface of the substrate on 
which the insulating ?lm is to be deposited. The con 
ducting ?lm is selected from the group consisting of 
polysilicon or a metal. 

In another aspect, the invention features, a method 
for forming a diamond semiconductor device having an 
insulating ?lm on a semiconductor diamond substrate, 
using the steps of providing an n-type diamond sub 
strate, depositing a non-diamond insulating ?lm onto 
the surface of the substrate, and depositing a conductive 
layer upon the insulating ?lm. 

In various preferred embodiments, the insulating ?lm 
is selected to have a conduction band energy greater 
than the diamond substrate. The insulating ?lm is se 
lected from the group consisting of CaF; and BaFg. The 
conducting layer is selected from the group consisting 
of doped polysilicon and a metal. 
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In another aspect, the invention features a semicon 

ductor device including a p-type diamond semiconduc 
tor substrate having a (100) surface and a means for 
controlling semiconductor charge carriers, the means 
includes a non-diamond insulating ?lm on the (100) 
surface of the diamond substrate, and a means for im 
posing an electric ?eld in the substrate through the ?lm, 
the ?lm enabling the formation of a predetermined de 
pletion region in the substrate for control of the mobile 
carriers in the diamond substrate when electrical ?elds 
are imposed on the ?lm. 

In various preferred embodiments, the ?lm is SiOg. 
The device includes a conducting layer on the insulat 
ing ?lm. The conducting layer is selected from the 
group consisting of doped polysilicon and a metal. The 
metal is aluminum, chrome-gold or tungsten. The thick 
ness of the ?lm is determined to inhibit substantial tun 
neling of charge carriers through the ?lm. The device is 
incorporated into a depletion mode ?eld effect transis 
tor. The the thickness of the ?lm is between about 10 to 
100 nm. The thickness of the insulating ?lm is less than 
or equal to approximately 10 nanometers for forming a 
rectifying contact. 

In another aspect the invention features a semicon 
ductor device including a diamond semiconductor sub 
strate having a (111) surface and means for controlling 
semiconductor charge carriers, the means includes a 
non-diamond insulating film on the (l l 1) surface of the 
diamond substrate, and a means for imposing an electric 
?eld in the substrate through the ?lm, the ?lm enabling 
control of the mobile carriers in the diamond substrate 
when electrical ?elds are imposed on the ?lm. 

In various preferred embodiments, the ?lm is com 
prised of SiOZ. The device is a conducting layer on the 
insulating ?lm. The conducting layer is selected from 
the group consisting of doped polysilicon or a metal. 
The metal is aluminum, chrome-gold or tungsten. The 
device is incorporated in a cold cathode. The ?lm is 
selected from CaF2 and BaFg. 
Other features follow. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS(S) 

Drawings 
FIG. 1 is a ?ow diagram showing three preferred 

steps of the formation of silicon dioxide ?lms in practice 
of the present invention; 
FIG. 2 is a plan view of a diamond substrate upon 

which a silicon dioxide ?lm has been formed in practice 
of process steps 1-3 of FIG. 1; 
FIG. 3a is a schematic view of a semiconductor with 

an insulating ?lm illustrating the presence of interface 
charge states; 
FIG. 3b is a plot of capacitance as a function of volt 

age for an ideal MOS structure under the in?uence of an 
applied voltage; 
FIG. 4 is a plot of the capacitance as a function of bias 

voltage for two different frequencies for a diamond 
substrate with a silicon dioxide ?lm prepared according 
to the present invention; 
FIG. 5 is a plot of the capacitance as a function of bias 

voltage in the presence and absence of ambient radia 
tion for a diamond substrate with a silicon dioxide ?lm 
prepared according to the present invention; 
FIG. 6 is a three terminal p-channel switching device 

employing a diamond semiconductor and a silicon diox 
ide ?lm prepared according to the present invention; 



5,350,944 
5 

FIG. 7 is a three terminal channel switching device 
employing a diamond semiconductor and an insulator 
?lm prepared according to the present invention; 
FIG. 8 is a Schottky contact formed according to the 

invention; 
FIGS. 9a and 9b are graphs of theoretical and experi 

mental C-V data for (l00)-oriented diamond substrate 
plotted as (9a) C versus bias voltage and (9b) C"2 versus 
bias voltage. The substrate was held at 250° C. Capaci 
tance was determined with a lO-kHz signal. Calculated 
data (curves A and B) were ?tted to experimental data 
(points) by assuming NA=1.2>< 1016 cm—3, d=89 5 nm, 
and VFB=3.l2 V. For curve B, n1m==4><l0~23 cm —3. 
Note that the curves coincide for bias voltages <0 V. 
The insert in FIG. 9a shows energy levels of a metal 
SiOg-diamond structure biased into depletion. The in 
sert in FIG. 9b is a schematic drawing of a metal-SiOg 
diamond structure with a 100x150 um electrode. 
FIG. 10 is a graph of quasi-static C-V measurement 

for (l00)-oriented substrate at room temperature on a 
structure with a SiOg thickness of 100 nm. There was no 
indication of minority-carrier effects (inset). High fre 
quency measurements on the same substrate exhibited 
similar curves. Structures on this substrate demon 
strated anomalously negative VBFBFPS; 
FIG. 11 is a graph of C-V data for (100) oriented 

substrate at 1 MHz in the dark and during illumination 
with 20 W cm-2 of 254 nm light from a low pressure Hg 
lamp. Sl02, thickness was 100 nm, and the substrate was 
held at 250° C. The insert shows conduction and va 
lence bands biased into depletion. Ultraviolet light is 
believed to produce electrons from bulk traps in the 
diamond; 
FIG. 12 is a graph of leakage current versus bias 

voltage for (100) oriented substrate in the dark and 
illuminated by 20W cm“2 of 254-nm ultraviolet light. 
Curves were obtained for a substrate temperature of 25° 
C., but no substantial change occurred when the tem 
perature was increased to 300° C. The increase in leak 
age current under illumination is about a factor of two 
smaller on (100) than on (111) oriented substrates; 
FIGS. 13a and 13b are graphs of C-V measurements 

at 10 kHz for a (100) oriented substrate at 25° C. and 
300° C. plotted as (130) C versus bias voltage (Q is 
plotted for a similar structure at 200° C.) and (13b) C-2 
versus bias voltage. NA and VFB were obtained by ?t 
ting depletion data I to the theoretical C-V curve (see 
FIG. 9(b)); ’ 

FIG. 14 is a graph of positive stepping (curve A) and 
negative-stepping (curve B) plots of normalized capaci 
tance versus bias voltage for (100) oriented substrate at 
399° C. The difference between the two curves is be 
lieved to be due to traps at the interface or in the SiQz. 
Positively charged, long-lived traps cause displacement 
of curve A to the left, while mobile ions would cause 
displacement to the right; 
FIG. 15 is a graph of VFB thickness. VF), values were 

calculated from C-V data for four (100) oriented sub 
strates and one (111) oriented substrate at 300° C. with 
10- and 20-kHz signal frequencies, respectively. The 
SiOg thickness was calculated from the metal-SiOz 
diamond structure’s capacitance under negative bias. 
Error in determining VFB is the result of error in deter 
mining the SiO; thickness and doping variation in the 
natural diamond; 
FIG. 16 is an energy diagram of metal S102 diamond 

structure for (100) oriented substrate. EC is the minimum 
energy of electrons in the conduction band, Ev is the 
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6 
maximum energy of electrons in the valence band, and 
EF is the the Fermi energy level. A lower estimate of 
the positive interface trap level density is plotted versus 
energy (the energy axis coincides with the SiO; 
diamond interface); 
FIGS. 17a and 17b are graphs of C-V data for (111) 

oriented substrates plotted as (1711) C and Q versus bias 
voltage and (17b) C"2 versus bias voltage. Capacitance 
was determined with a 20 kHz signal. Calculated data 
(curves) were ?tted to experimental data (points) by 
assuming NA=10l5 cm-‘3, d=89.5 nm and VFB=0 V 
The Al electrode of the structure was 100 um—2, and 
the substrate was held at 300° C.; 
FIG. 18 is an energy diagram of metal SiOz diamond 

structure for (111) oriented substrate; 
FIG. 19 is a graph of acceptor number density versus 

depletion depth. Values of NA were calculated from 
C-V data for (100) oriented substrates at 300° substrates 
at 300°. The apparent increase in acceptor concentra 
tion near the surface is due to interface traps and holes 
accumulating at the interface, which were not consid 
ered in the calculations. Arrows indicate positions of 
maximum depletion depth into Si and diamond of metal 
SiOgsemiconductor structures if minority carriers accu 
mulate at the SiOz semiconductor interface. 

Other advantages and features will become apparent 
from the following description of the preferred embodi 
ment and from the claims. 

DESCRIPTION 

The present invention is based on our discovery that 
high quality insulating ?lms of silicon dioxide may be 
formed on semiconductor diamond substrates prefera 
bly by deposition of the insulator using CVD. 

Referring to FIG. 1, there is provided a ?ow diagram 
of the preferred method of forming a silicon dioxide 
film on diamond substrates including, (step 1) providing 
a prepared p-type diamond substrate, (step 2) depositing 
the dioxide ?lm by CVD and (step 3) applying a con 
ductive layer to the silicon dioxide ?lm. 
By the practice of steps 1-2, an electrical quality 

silicon dioxide ?lm may be formed on the diamond 
surface. In step 3, a conductive layer is formed upon the 
?lm which facilitates application of a voltage through 
the silicon dioxide ?lm to the semiconductor diamond. 
The diamond substrate upon which the ?lm is to be 

deposited is ?rst prepared by cleaning, as, for example, 
in an oxygen plasma asher (step 1). The CVD process 
(step 2) involves heating the diamond substrate, prefera 
bly to about 620° C., in a gaseous mixture of, for exam 
ple, SiH4 and one of or a mixture of CO, CO; or 02 and 
possibly including an inert buffer gas, for example Ar or 
N2. Silicon dioxide is formed from the reactions taking 
place, and this resulting product then deposits onto the 
diamond substrate surface to form a high quality ?lm. 

It should be noted that, alternatively, in the case of an 
n-type diamond substrate a ?lm of CaF2 or BaFg may be 
deposited instead of silicon dioxide (step 2). In the case 
of N-type diamond, the conduction band of the 
diamond substrate is of higher energy than the conduc 
tion band of silicon dioxide. The oxide would then be 
come a sink for electrons in the semiconductor and no 
charge carrier channel could form and production of 
MOS devices would thus be impossible. On the other 
hand, the conduction band of CaFz and BaFg is of 
higher energy than the conduction band of n-type semi 
conductor diamond. Carrier channels and MOS devices 
may thereby be constructed. Application of the CaF2 or 
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BaFg layers may be carried out by conventional ther 
modeposition techniques. 

In the ?nal step, (step 3), a conductive layer of, for 
example, aluminum, chrome-gold, or phosphorus or 
boron-doped polysilicon is applied to the silicon dioxide 
surface. Preferably, this is also done by vapor deposi 
tion, accomplished by heating the desired metal in a 
vacuum until it vaporizes, then condensing the metal on 
a lower temperature substrate to form a smooth ?lm. 
FIG. 2 is a cross-sectional view of the diamond sub 

strate after performing the steps 1-3 in FIG. 1. The 
SiOz film is shown deposited upon the p-type diamond 
substrate with a conducting layer applied over the SiO; 
?lm. 

Referring now to FIGS. 30 and 3b, the effect of inter 
face states on the control of semiconductor carriers will 
be discussed. FIG. 3a shows a p-type semiconductor 
with a thin insulating silicon dioxide ?lm thereon, upon 
which a conducting layer has been formed. This is an 
MOS structure, where, if a bias voltage is applied to the 
conducting layer, the positive carriers of the semicon 
ductor can be in?uenced via the ?eld effect of the bias 
voltage. In the present example shown in FIG. 3a, a 
positive bias voltage tends to repel the positive carriers 
away from the semiconductor insulator interface caus 
ing a depletion region, which controls current flow in a 
three terminal device an example of which is shown in 
FIG. 6. 
A common method for investigating both interface 

quality and the ability to control a semiconductor is by 
measurement of the capacitance of the structure as a 
function of bias voltage. An applied bias voltage pro 
duces an electrical ?eld across the insulator and into the 
semiconductor. A small AC voltage is also superim 
posed upon the bias voltage. Capacitance is propor 
tional to the resulting AC current ?ow. Therefore, 
observation of induced current at various AC frequen 
cies enables detection of nonideal interface characteris 
tics (typically due to the presence of interface states) if 
different capacitance relationships are measured for 
different frequencies. 
FIG. 3b is a plot of capacitance as a function of bias 

voltage representing an ideal case where the capaci 
tance of the system follows a well-known functional 
form. For negative voltages applied to a p-type semi 
conductor, p-type carriers (holes) will be attracted to 
the interface and accumulate. As is known, capacitance 
is inversely proportional to the distance between 
charges spanning a dielectric. In the case of an MOS 
structure with a negative applied bias voltage, for exam 
ple, the capacitance is that of the insulator alone which 
is in turn known to be inversely proportional to its 
dielectric width d1. As the negative bias voltage is de 
creased, a depletion of the positive carriers occurs near 
the interface creating a dielectric space, such as the 
depletion region shown in FIG. 3a; the measured capac 
itance now decreases as the effective dielectric width 
d2 increases. 

In the nonideal case, interface states at the semicon 
ductor-insulator interface may be present. These states, 
thought to be created by the interruption of the periodic 
lattice structures at the surface of the crystal, are capa 
ble of changing charge by accepting or donating charge 
carriers with the semiconductor and may initially be 
positive, negative or neutral. At certain applied volt 
ages, different interface states may donate electrons 
(and thereby become positive) or accept electrons (and 
thereby become negative). In the presence of these 

8 
interface states, a different applied voltage than in the 
ideal case is therefore necessary to observe the same 
capacitance, since the electric ?eld applied at the con 
ductive layer must overcome the effect of the charge of 
the interface states. As a result, the capacitance versus 
voltage curve may be shifted or perturbed and may 
deviate from the ideal relationship shown in FIG. 3b. In 
the worst case, the in?uence of the surface states pre 
vents control of the semiconductor carriers. 

Furthermore, the frequency at which the semicon 
ductor may be in?uenced by the bias voltage is affected 

’ by the charge-change time constant of the interface 
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states. At high frequencies, relative to the time constant 
of the interface state charge change, the capacitance 
versus bias voltage relationship is transparent to the 
effects of the interface states since the charge change 
cannot keep pace with the AC voltage changes. As the 
AC frequency is lowered such that it is near or below 
the charge change time constant, the effects of these 
charge changes on the measured capacitance will be 
observed. In a device quality MOS structure, substan 
tially free of interface states, .the capacitance versus bias 
voltage curve should be unaffected by a change in the 
AC voltage frequency. 
The degradation of performance of the MOS struc 

ture due to the presence of surface states is manifested in 
several ways. First, a higher voltage is required to effect 
capacitance reduction (i.e. formation of a depletion 
region). Secondly, stability of device characteristics 
(e.g., bias level, operating frequency, etc.) of an MOS 
device may be reduced as a result of the charge ex 
change between the semiconductor and the interface 
states, if the charge states have taken on a negative 
charge. A review of the effects, methods for measure 
ment and theory relating to surface states on MOS 
structures may be found in Physics of Semiconductor 
Devices, 1981, John Wiley, New York by Sze. 

Referring now to FIG. 4, the capacitance of an MOS 
structure, prepared according to the steps of the inven 
tion described in FIG. 1, versus the bias voltage varied 
at two different AC frequencies, is plotted. In the pres 
ent example, the thickness of the silicon dioxide layer is 
0.1 pm. It will be appreciated that the curves show near 
ideal functional dependence of the capacitance on the 
bias voltage for both the higher frequency of 4 MHz 
(solid line) and the lower frequency, 10 KHz (dotted 
line). 

Referring now to FIG. 5, a similar plot of capacitance 
versus bias voltage is provided for a diamond MOS 
structure produced according to the present invention 
for which data in the presence (A) and absence (B) of 
UV radiation at 254 nanometers is provided. 

In MOS devices employing other semiconductors, 
ambient radiation affects the capacitance measurement 
by creating photo-induced electron-hole pairs. As is 
evident in FIG. 5, in diamond MOS structures pro 
duced according to the invention, such effects are also 
present (as indicated by the perturbed region of the A 
curve), and indicates the presence of the surface inver 
sion layer required for some three-terminal devices. 

In FIG. 6, a schematic of a three terminal switching 
device employing a diamond MOS structure is shown, 
having a ?rst and second ohmic contact and a bias 
contact (indicated by V+) on the metallized layer atop 
the MOS structure. Applying a potential across the 
ohmic contacts in such a device may induce a ?ow of 
holes. The ?ow of holes in the p-type diamond will be 
in the direction of the arrow when the bias voltage at 














